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MODE 4 REPLY DECODER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to Identi?cation Friend or Foe 

(IFF) reply decoders for military and Air.Traf?c Con 
trol (ATC) service and more particularly to signal pro 
cessing of Pulse Code Modulation (PCM) for detecting 
and declaring Mode 4 replies. 

2. Description of the Prior Art 
An Identi?cation Friend or Foe (IFF) system in 

cludes an interrogator which transmits a challenge mes 
sage in a particular sector and listens for replies from 
transponders in the sector the challenge message was 
transmitted in. Within the interrogator is a reply de 
coder which after some pre-processing must sort out all 
the returns from various decoder transponders and de 
clare valid mode replies. The format or waveform of 
the mode 4 reply as used herein consists of three pulses 
which are spaced 1.75 microseconds apart. Thus when 
an interrogator transmits a mode 4 waveform the reply 
decoder is looking for three pulses which are spaced 
1.75 microseconds apart. When three pulses spaced 1.75 
microseconds apart and each pulse of a speci?ed width 
are detected, a single pulse is provided to the reply 
decoder for processing to determine whether or not it 
quali?es as a valid mode 4 response. The single pulse, 
which is also a narrow pulse, represents a reply position 
referenced from the leading edge from the ?rst pulse of 
the three pulse mode 4 waveform. This initial process 
ing is performed in an associated leading edge detector. 
The decoding function for mode 4 waveforms is inher 
ently complex, requiring correlation of data, by range, 
over several interrogation sweeps. Where the interroga 
tion antenna is mechanically scanned or rotated, or 
electronically steered, target hits must be correlated 
over the azimuth of target illumination. Final process 
ing of mode 4 target data is software controlled in the 
associated Reply Processor; but ?rst, all varieties of 
False Replies Unsynchronized In Time (FRUIT) must 
be removed to the extent practical in the Reply De 
coder to avoid overburdening the Reply Processor 
computer. The Reply Decoder must also validate re 
plies from transponders to ensure acceptance of only 
valid replies from friendly transponders, which may be, 
for example, on an aircraft, ship, helicopter or ground 
based vehicle. 
Under conditions of heavy reply rates, the probability 

becomes high that normal replies will be overlapped, 
interleaved, or closely spaced and in time alignment. 
Hardware means of deriving leading and trailing edges 
of reply pulses and then deducing the correct position 
of the original reply pulses will reduce these effects, but 
some such situations will still exist. 

Considering the large number of interrogators in 
many localities, plus the typically large number of tran 
spender-equipped aircraft that are within operational 
range of one or more of these interrogators at any give 
time, a large number of replies will be received by each 
interrogator station or platform. Only those valid re— 
sponses to a particular interrogation are of interest to 
the respective interrogator; other replies, known as 
False Replies Unsynchronized In Time (FRUIT), cause 
major reply processing problems for the reply proces— 
sor, and this problem becomes acute in high reply den 
sity areas. 
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2 
Hardware means are included in reply decoders, and 

software means in reply processors, to minimize such 
FRUIT interference; but these means can not be sub 
stantially effective when “garbled” replies exist, i.e., 
where two or more replies arrive at the interrogator 
receiver at approximately the same time. The degar 
bling of overlapping replies is a major problem of all 
reply decoders. Obviously, it is desirable to eliminate 
reply garbling without losing valid replies from interro 
gated transponders. 
Two additional problems are encountered with Mode 

4 IFF operation that are not usually encountered with 
Air Traf?c Control Radar Beacon System (ATCRBS), 
Selective Identi?cation Function (SIP), and Traf?c 
Alert and Collision Avoidance System (TCAS) applica 
tions: (1) Unfriendly platforms may intentionally gener 
ate interference or jamming signals; (2) Unfriendly plat 
forms may also generate “spoo?ng” signals in an at 
tempt to mimic the valid replies of friendly platforms. 
The crypto-secure Mode 4 format greatly diminishes 
changes of spoo?ng deception. Replies are controlled 
by a cryptographic computer, hereinafter referred to as 
“KIT Computer”. Replies received by the interrogator 
receiver are passed through a second Cryptographic 
Computer, hereinafter referred to as KIR Computer, to 
aid reply decoding. The KIT computer is located with 
a transponder and the KIR computer is located with the 
interrogator. 

Previous Mode 4 Reply Decoders have employed 
several means to ?lter out unwanted pulses. Hardware 
means are generally used to defruit the reply datas 
tream; i.e., removal of pulses that are not synchronized 
with the. interrogation. Correlation of replies obtained 
on successive interrogation sweeps allows several other 
means to reject unwanted responses or interference. 
Most interrogators use mechanically scanned or elec 
tronically steered antennas, so they interrogate a seg 
ment of azimuth at any one time. Friendly platforms 
with transponders will respond while they are illumi 
nated by the interrogator’s main beam of electromag 
netic radiation. To evaluate a series of replies from a 
plurality of transponders, target start and stop algo 
rithms-are used where a record of hits and misses is 
maintained until target stop criteria is exceeded. Num 
ber of hits per interrogation and/or hits/unit time and 
/or hits in range gate/unit time can also be summed or 
totalized in hardware or software. Target azimuth 
width, azimuth center, and azimuth increments between 
hits can be derived for further target evaluation by the 
associated Reply Processor. _ 
Background density against which friendly replies 

must be sorted out can also be measured for acceptance 
of correct friendly replies and rejection of enemy spoofs 
and unintentional friendly interference. For any given 
target range and interrogation sweep, there may be, for 
example, 15 incorrect reply range positions and only 
one correct position. The sum of incorrect replies pres 
ent, excluding any reply that might be present at the one 
and only correct reply range position, is known as “den 
sity value”. 

If an unfriendly platform utilizes the simpler spoo?ng 
method of railing interference, it can be detected by 
looking for pulses that trail (in time) the current analysis 
reply position at intervals of 1.75 microseconds. 
The KIR computer generates a challenge message 

which is encoded and transmitted to the transponder 
where it is decoded by the KIT computer which intro 
duces a variable time delay 'prior to retransmitting a 
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reply consisting of three pulses which are spaced 1.75 
microseconds apart. In the prior art the received reply 
was ?rst passed through the KIR computer which pro 
vided a complement time delay to the received reply so 
that the sum of the KIT computer delay and the KIR 
computer delay added up to a known ?xed total time 
delay. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, an appara 
tus and method is provided for declaring Mode 4replies 
received from a transponder comprising a memory for 
storing the mode 4 replies as a function of time, timing 
circuitry coupled to a KIR cryptograph computer for 
determining the KIR cryptograph computer delay to be 
applied to the received replies, the time delay selected 
by the KIR cryptograph computer from a plurality of 
predetermined delays, timing circuitry for providing 
range as a function of time coupled to the timing cir 
cuitry, and circuitry for determining a reply coupled to 
the memory for determining a reply and the range of 
the transponder transmitting the reply. 
The invention further provides circuitry to compute 

a density value for Mode 4 replies in each active range 
cell, based upon the number of Mode 4 replies which 
lead and trail the current analysis reply at the non 
selected plurality of predetermined delays. 
The invention further provides an apparatus and 

method for detecting a predetermined number of replies 
within a predetermined number of consecutive reply 
positions after the ?rst reply known as railing detection 
caused when a transponder sends out evenly spaced 
pulses at 1.75 microseconds. 
The invention further provides circuitry for detection 

of overlapping replies also known as garbled replies. 
The invention further provides circuitry for defruit 

ing replies through correlation of replies from succes 
sive interrogation periods and quali?cation of replies 
into started, non-started and single-hit categories. 
The invention further provides circuitry for compu 

tation of background density value for each range cell, 
which value will be evaluated subsequently by the asso 
ciated Reply processor which is coupled to the reply 
decoder. 
The invention further provides an apparatus and 

method utilizing a cryptograph computer having ?rst 
circuitry for generating challenge messages for trans 
mission by an interrogator to transponders in an Identi 
?cation Friend or Foe system, second circuitry for 
generating a cryptograph determined time delay be 
tween an input and output port to signals received by 
the interrogator, the time delay changing for each re 
spective challenge message, and third circuitry for gen 
erating a gain time control signal subsequent to each 
challenge message and fourth circuitry for intercon 
necting the gain time control signal to the input port of 
the second circuitry whereby the output of the gain 
time control signal from the second circuitry is delayed 
by the proper time with respect to the challenge mes 
sage. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is one embodiment of the invention. 
FIG. 2 is a graph showing a plurality of signals and 

their time of occurrence. 
FIG. 3 shows circuitry of retiming logic 114 and shift 

register 112. 
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4 
FIGS. 4A-4C show a logic diagram of railing detec 

tor and adder 117. 
FIG. 5 is a logic diagram of quality evaluation logic 

123. 
FIG. 6 is a graph showing a timing diagram. 
FIG. 7 is a logic diagram of target status word section 

138. 
FIG. 8 is a logic diagram of range counter and reply 

totalizer 212. 
_ FIG. 9 is a logic diagram of RAM address counter 

and logic 217. ' 
FIGS. 10A and 10B are logic diagrams of target 

start/ stop logic 215. 
FIG. 11 is an alternate embodiment of the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to the drawings, FIG. 1 shows a reply 
decoder 30 coupled to an interrogator 10 a video quan 
tizer and leading edge detector 28, a KIR cryptograph 
computer 25, and interface board 33, a random access 
memory (RAM) 34, and ?rst in ?rst out memories 40. 42 
and 44. First in ?rst out (FIFO) memories 40, 42 and 44 
are coupled over data buses 41 and 43 respectively to 
reply processor 50. 

Interface board 33 functions to provide a clock which 
may be, for example, at 8 MHz over lead 35 to an input 
of challenge video logic 141 of reply decoder 30. Inter 
face board 33 also provides a signal M4PT over lead 24 
to an input of cryptograph computer 25. Crypto en 
coder 27 within KIR cryptograph computer 25 initiates 
a new interrogation cycle or “sweep” in response to 
signal M4PT by generating signal KIRCV (KIR Chal 
lenge Video) over lead 23 and after appropriate delay, 
generates signal KIRGTC (KIR Gain Time Control) 
over lead 22. 

Referring to FIG. 2, signal M4PT on lead 24 is shown 
by waveform 61 which is low except for a narrow pulse 
62 occurring at time T1. Signal KIRCV on lead 23 is 
shown by waveform 63 which is normally low except 
for pulse waveform 64 occurring at T2 which is 168 
microseconds after T1. Signal CV on lead 143 is shown 
by waveform 65 which is normally low except for pulse 
waveform 66 occurring at T3 which occurs 169 micro 
seconds +/—~l clock time (125 nanoseconds) after T1. 
Signal KIRCV is coupled over lead 23 to an input of 
challenge video logic 141 of reply decoder 30. Chal 
lenge video logic 141 functions to generate signal CV 
over lead 143 to an input of transmitter 16 of interroga 
tor 10 and a signal ISLS (Interrogation Side Load Sup 
pression) over lead 17 to an input of transmitter 16 of 
interrogator 10. Signal ISLS on lead 17 is shown in 
FIG. 2 by waveform 67 which is normally low except 
for pulse waveform 68 occurring at T4 which occurs 
l77 microseconds +/-l clock time after Tl. Chal 
lenge video logic 141 functions to reclock and delay by 
1 microsecond the input signal KIRCV at T2 prior to 
generating signal CV at T3 to remove any time uncer 
tainty since cryptograph computer 25 has an asynchro 
nous clock with respect to the clock signal on lead 35 
from interface board 33. 
The output of transmitter 16 of interrogator 10 is 

coupled over lead 15 through antenna switch 13 to 
omnidirectional antenna 12 when transmitting in re 
sponse to signal ISLS and through coupler 14 to an 
tenna 11 in response to signal CV on lead 143. Antenna 

' 11 may have a main beam width of 3 to 4 degrees for 
example and maybe scanned mechanically or electri 
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cally. Transponders receiving the signal from antenna 
11 in a narrow beam width after a period of time re 
spond by transmitting a mode 4 reply wave form which 
is received by antenna 11. The signal received by an 
tenna 11 passes through coupler 14 to’ an input of re 
ceiver 19. Receiver 19 is activated by signal GTC on 
lead 18. 
The output of receiver 19 is coupled over lead 20 to 

an input of video quantizer and leading edge detector 
28. The signal on lead 20 represents the amplitude 
waveform received by antenna 11 with the RF carrier 
signal removed. The signal on lead 20 during mode 4 
waveform operation will consist of a series of three 
'pulses each spaced 1.75 microseconds apart per reply 
and it is expected that replies may be overlapped as well 
as possibly having additional pulses added by unfriendly 
transponders to disrupt mode 4 operation. Video quan 
tizer and leading edge detector 28 functions to verify 
that mode 4 replies are being received which is indi 
cated by signal CKSW (Clock Switch) on lead 29 
which is coupled to an input on interface board 33. 
Video quantizer and leading edge detector 28 further 
provides signal M4RZ (Mode 4 Range Zero) over lead 
111 to an input of timing logic 114. Video quantizer and 
leading edge detector 28 also provides signal M4DR 
(Mode 4 Decoded Reply) over lead 110 to an input of 
shift register 112. 
Crypto encoder 27 also generates signal KIRGTC 

(KIR Gain Time Control) over lead 22 which is exter 
nally coupled to an input of crypto delay 26 and an 
input of retiming logic 114. As shown in FIG. 2, signal 
KIRGTC is shown by waveform 69 which is generally 
low except for pulse waveform 70 which occurs at T5 
which may be 372 microseconds after T1. Referring to 
FIG. 1, signal KIRGTC is injected over lead 22 as 
pseudo video into crypto delay 26 to provide a signal 
for the measurement of the time delay imposed in the 
reply path through crypto delay 26. Retiming logic 114 
subtracts the crypto delay 26 delay value from a known 
predetermined time to determine the KIT crypto vari 
able time delay inserted in the reply path of a transpon 
der responding to the interrogators challenge message. 
By determining the KIT crypto time delay 26 the true 
range position of replies may be determined. In a con 
ventional interrogator con?guration, received pulses 
from receiver 19 would be 3-pulse decoded by video 
quantizer and leading edge detector 28 and then routed 
through crypto delay 26. 

Signal KIRGTC is delayed with respect to signal 
M4PT to compensate for the ?xed decode delay time of 
the transponder-associated KIT cryptographic com 
puter (not shown) following reception of challenge 
video from interrogator 10 by way of antenna 11. Signal 
KIRGTC when received by retiming logic 114 starts a 
timer for the purpose of measuring the KIR crypto time 
delay interval Signal KIRGTC is reclocked at 8 MHz, 
for example, and further delayed l microsecond to 
match the delay of signal CV on line 143, to generate 
signal GTC over lead 18 to a control input of receiver 
19 of interrogator 10. Signal GTC enables receiver 19 to 
receive replies from interrogated transponders. The 1 
microsecond delay of signals CV and GRC is necessary 
to provide time for the Retiming Logic 114 to function 
and set up the Shift Register 112 as described below. 
Crypto delay 26 generates signal KIRTDV (KIR 

Time-Decoded Video) over lead 21 to an input of retim 
-ing logic 114. Signal KIRTDV is generated in response 
to crypto delay 26 receiving signal KIRGTC on lead 
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22. Signal KIRTDV at retiming logic 114 stops the 
timer measuring the time delay interval of crypto delay 
26 in KIR cryptograph computer 25. The measured 
value of delay of crypto delay 26 Le, the time between 
signal KIRGTC and signal KIRTDV, represents the 
KIR cryptograph computer time delay that would have 
been imposed upon received replies from receiver 19 in 
a conventional con?guration shown in FIG. 11 where 
an output of receiver 19 would be coupled to an input of 
crypto delay 26. 
Upon determining the time delay of crypto delay 26 

for valid transponder replies, retiming logic 114 actii 
vates l of 16 outputs, for example lead 313 shown in 
FIG. 3, to indicate correct reply position for the current 
reply under analysis The active reply position signal on 
lead 313 enables gates associated with shift register 112 
to select taps 119 for density value computation in den 
sity value adder 120 shown in FIG. 1, taps 116 for rail 
ing detection and railing detector and adder 117, and 
taps 118 for quality evaluation in quality evaluation 
logic 123 shown in FIG. 1. _ 

Retiming logic 114 also delays signal M4RZ (mode 4‘ 
range 0) on lead 111 from video quantizer and leading 
edge detector 28 to provide signal M4ZR (Mode 4 Zero 
Range) on lead 146 to range counter and reply totalizer 
212 shown in FIGS. 1 and 8. Signal M4ZR on lead 146 
is delayed by retiming logic 114 to compensate for the 
processing time of shift register 112 and the known 
?xed delay time of the KIT cryptograph computer (not 
shown) and KIR cryptograph computer 25. Signal 
M4ZR is also delayed to compensate for processing 
delays in video quantizer and leading edge detector 28. 

Referring to FIG. 2, signal GTC on lead 18 is shown 
by waveform 71 which is normally low except for pulse 
72 which occurs at T6 which is normally 373 microsec 
onds +/—1 clock time of 125 nanoseconds after T1. 
FIG. 2 also shows signal KIRTDV on lead 21 which is 
shown by waveform 74 which is normally low except 
for an interval between T7 and T10 shown by arrow 75 
wherein a waveform pulse 76 occurs. T7 is positioned at 
a predetermined time after T1. T10 is positioned at a 
predetermined time after T1. Pulse'76 occurring at T9 
may occur at l of 16 evenly divided positions between 
T7 and T10. Signal M4ZR on lead 146 is shown by 
waveform 77 which is normally low except for pulse 78 
which occurs at T8. Pulse 78 occurs 383 microseconds 
+/ -l clock of 125 nanoseconds after T1. In FIG. 2 the 
abscissa represents time and the ordinate represents 
voltage. 

Referring to FIG. 1, interface board 33 generates 
system clock frequencies for reply decoder 30. The 
range counter and reply totalizer 212 is clocked at, for 
example, 8.276 MHz over lead 221 so that the reply 
decoder target range data is in the same units for mode 
4 as well as the Air Traf?c Control Radar Beacon Sys 
tem (ATCRBS) and selective identi?cation feature 
(SIF) system. Other logic sections in reply decoder 30 
are clocked by the 8/8.276 MI-Iz system clock on leads 
35, and l6/l6.552 MHz clock on lead 222 is used in the 
Random Access Memory (RAM) address counter logic 
217 to generate read/write and RAM address output 
gate signals over lead 218 to random access memory 34. 
The correct reply position is coupled over 1 of 16 

leads, for example lead 313, FIG. 3) to an input of shift 
register 112. Retiming logic 114 generates signal 
FOUND which is coupled over lead 115 to an input of 
railing detector and adder 117. Shift register 112 has 16 
taps one of which for example lead 116, is coupled to an 
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input of railing detector and adder 117. Shift register 
112 has 16 taps one of which may be lead 118 which is 
coupled to an input of quality evaluation logic 123. Shift 
register 112 has 16 taps one of which may be lead 119 
which is coupled to an input of density value adder 120. 
The output of density value adder 120 is coupled over 
lead 121 to an input of target status word section 138. 

Set up latch 145 has an output coupled over lead 144 
which is signal RAILEN (rail enable) which is coupled 
to an input of railing detector and adder 117. An output 
of railing detector and adder 117 is coupled over lead 
122, signal RAIL-12, to an input of quality evaluation 
logic 123. Quality evaluation logic 123 has an output, 
signal CAR14 which is coupled over lead 129 to an 
input of railing detector and adder 117. Set up latch 145 
has an output signal, no quality required, which is cou 
pled over lead 143 to an input of quality evaluation 
logic 123. An output of quality evaluation logic 123, 
signal M4RD-l2 (mode 4 reply decoded-l2) is coupled 
over lead 142 to an input of target start/stop logic 215 
and to an input of range counter and reply totalizer 212. 
Quality evaluation logic 123 has an output coupled over 
lead 124 to an input of AND gate 127. Quality evalua 
tion logic 123 has an output signal CLEAN coupled 
over lead 125 to an input of AND gate 127 and to an 
input of target status word section 138. Quality evalua 
tion logic 123 has an output, signal RAIL FLAG, cou 
pled over lead 130 to an input of AND gate 127 and to 
an input of target status word section 138. The output of 
AND gate 127, signal M4RD (Mode 4 Reply Decoder) 
is coupled over lead 128 to an input of target status 
word section 138. 
A signal from an associated ATCRBS/SIF reply 

decoder is coupled over lead 48 to an input of target 
start/stop logic 215. A second signal from an associated 
ATCRBS/SIF reply decoder signal SIFZR (Selected 
Identi?cation Feature Zero Range) is coupled over lead 
36 to an input of range counter and reply totalizer 212. 
Start/stop criteria range gate width and other user 
selectable parameters are entered into Setup FIFO 44 
which is coupled over lead 46 to an input of set up latch 
145 and set up demux and latch 210. Setup FIFO 44 also 
provides a signal DSTB (Data Strobe) to enter the data 
on lead 45 into set up latch 145 and set up demux and 
latch 210. Set up FIFO 44 also provides a data sheet 
signal on lead 47 to set up demux and latch 210. Output 
of set up demux and latch 210, new hit flag, is coupled 
over lead 224 to an input of range counter and reply 
totalizer 212. Range counter and reply totalizer 212 has 
a signal RAMSTART coupled over lead 225 to an input 
of RAM address counter and logic 217. Range counter 
and reply totalizer has an output signal, rollover fault, 
coupled over lead 134 to an input of target status word 
section 138. Range counter and reply totalizer has data, 
target range, coupled over lead 213 to an input of RAM 
address counter and logic 217 and to an input of range 
FIFO memory 42. Target range data is also coupled out 
of range FIFO memory 42 over data bus 43 to an input 
of reply processor 50. 
RAM address counter and logic 217 has address sig 

nals coupled over lead 218 to the address input of ran 
dom access memory 34. Data from random access mem 
ory 34 is coupled over data bus 219 to an input of target 
start/stop logic 215 and to an input of AZ offset section 
220. The data on data bus 219 may travel in both direc 
tions. RAM address counter and logic 217 has an output 
signal data latch coupled over lead 216 to an input of 
target start/stop logic 215. RAM address counter and 
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8 
logic 217 has an output signal, gate, coupled over lead 
226 to an input of target start/stop logic 215. RAM 
address counter and logic 217 has an output signal, 
R/W coupled over lead 227 to an input of target start/ 
stop logic 215. 
An output of target start/stop logic 215, signal new 

hit only, is coupled over lead 132 to an input of target 
status word section 138 and to AZ offset section 220. 
Target start/stop logic 215 has an output, signal target 
start, coupled over lead 133 to an input of the target 
status word section 138 and to AZ offset section 220. 
AZ offset section 220 has an output coupled over lead 

137 to an input of AZ offset register 135. AZ offset 
register 135 has an output coupled over lead 136 to an 
input of target status word section 138. Target status 
word section 138 has a output coupled over target bus 
139 to an input of reply FIFO memory 40. Reply FIFO 
memory 40 has an output coupled over bus 41 to an 
input of reply processor 50. 

Referring now to FIG. 3, shift register 112 may be a 
640-stageshift register and is clocked at 8 MHz; shift 
register 112 serially stores incoming signal M4DR 
(Mode 4 Decoded Reply) wherein each pulse of M4DR 
represents a leading edge of a decoded reply on lead 
110. Shift register 112 functions to analyze mode 4 reply 
from transponders by shifting them through the 640 
stages in real time. For the purposes of railing interfer 
ence detection, it is necessary to start looking for railing 
pulses 148 clocks (18.5 microseconds) ahead of the earli 
est possible reply position. Therefore, the ?rst 148 
stages of shift register 112 are used not only for railing 
detection, but they also delay density value computa 
tion until railing detection is complete. Each shift regis 
ter tap 116 used for railing detection is in gate 316 with 
the corresponding reply position select line 315 from 
inverter 314, so that only one of the 16 rail lines 322 will 
be active on any given interrogation sweep. Taps 116 
are positioned 4 microseconds, 32 stages, apart. 

Similarly, one of 16 quality evaluation outputs 321 is 
selected by way of ANDing one of the taps 118 at gate 
317 shown in FIG. 3 with the corresponding reply 
position select line 315 from decoder 312. 

Conversely, 15 of 16 Density value computation out 
puts are enabled while the density value output 320 for 
the correct position is disabled. Taps 119 are coupled to 
a NOR gate which may include 3, 5, 7, 9, or 11 adjacent 
taps to tap 119 by setup. Shift register 112 with taps 116, 
118 and 119 for railing detection, quality bit detection 
and density value computation are spaced from the next 
tap of the same function by 4 microseconds or 32 shift 
register stages. 

Retiming logic 114 determines the correct reply posi~ 
tion in the following manner. KIRGTC 22 enables 
reply time delay counter 310 to start counting at the 8 
MHz rate. The counter increments until KIRTDV 21 
disables it; then, the count will represent KIR crypto 
graph computer 25 time delay insertion by crypto delay 
26. The ?rst ?ve stages of counter 310 shown in FIG. 3 
are a modulo 32 counter to mark the 2 microsecond 
intervals; while the last four stages serve as a modulo l6 
counter to count the 4 microsecond intervals. The 4-bit 
reply time delay count 311 is coupled to decoder 312 
which is a 4:16 decoder to produce a low active reply 
position on lead 313. 

Shift register stage 1 is separated from stage 132 by 
16.375 microseconds. Shift register 112 stage 132 is 
separated from stage 149 by 2.125 microseconds. Stage 
1 of shift register 112 is separated from stage 149 by 18.5 
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microseconds. Decoded replies on lead 110 are clocked 
into stage 1 of shift register 112 every 0.125 microsec 
onds. Each bit in shift register 112 is shifted to the next 
stage every 0.125 microseconds. A decoded reply on 
lead 110 will be at stage 640 after a time delay of 80 
microseconds. It is noted that after range 0 has been 
clocked into shift register 112 subsequent decoded re 
plies shifted into shift register 112 represent decoded 
replies at a greater range from interrogator 10. Further 
it is noted that range 0 the correct reply position may be 
shifted in a 4 microsecond increment over 16 positions 
which corresponds to a maximum time difference for 
the position of range 0 of 60 microseconds. Once the 
correct taps have been selected as a function of the 
output of decoder 312 the selected taps de?ne the analy 
sis position starting at the appropriate time correspond 
ing to range 0 as replies pass through shift register 112 
the later replies representing transponders at farther 
ranges. Shift register 112 is operated in a free running 
condition in real time with taps 116, 118, and 119 dy 
namically picking off data and outputting the data via 
leads 320, 321 and 322 for subsequent analysis. Data 
continually flows at the 8 MHz rate on leads 320, 321, 
and 322. 

Signals RAIL 1 through RAIL 16 on leads 322 are 
passed as shown in FIG. 4A through OR gate 410 and 
over lead 411 to an input of railing input register ‘412 
which may have, for example, 11 stages. Signal 
FOUNDB on lead 115 is coupled to the bar input of 
register 412. The outputs of stages 3-11 are coupled 
over leads 418 to a respective input of AND gates 
419-424. The output of AND gates 419-424 are coupled 
to the input OR gate 425 having an output on lead 426 
which is coupled to an input of railing detection register 
449 shown in FIG. 4B. Set up conditions are coupled 
over leads 485 and 486 from set up latch 145 to an input 
of decoder 488 which may be for example a 2:4 decoder 
to provide 4 output leads with signals RGW3 (Railing 
Gate Window 3), RGWS (Railing Gate Window 5) 
RGW7 and RGW9 respectively. RGW3 is coupled 
'over lead 428 to AND gate 479 shown in FIG. 4C. 
RGWS is coupled over lead 413 to an input of OR gate 
416 and to AND gate 480 shown in FIG. 4C. RGW7 is 
coupled over lead 414 to an input of OR gate 416, an 
input of 417 and an input of AND gate 481 shown in 
FIG. 4C. Signal RGW9 is coupled over lead 415 .to an 
input of OR gates 416 and 417 and to an input of AND 
gates 419, 424 and 482 shown in FIG. 4A. The output of 
OR gate 416 is coupled to an input of AND gate 421 
and 422.\The output of OR gate 417 is coupled to an 
input of AND gates 420 and 423. Stage 7 of register 412 
is coupled over lead 427 to an input of OR gate 425. 
Stages 6 and 8 of register 412 are also coupled to respec 
tive inputs of OR gate 425. Register 412 is clocked at 8 
MHz. In operation of the apparatus in FIG. 4A, the 11 
stage railing input register 412 is cleared when signal 
FOUND 115 is low between the time KIRGTC 22 
starts the Reply Time Delay Counter 310 and the time 
KIRTDV 21 stop the counter. When the correct reply 
position has been decoded by decoder 312 shown in 
FIG. 3, FOUND is set high and the CLEAR or Railing 
Input Register 412 is removed. Only one of the 16 
RAIL 322 inputs, which is invariably 18.5 microsec 
onds in advance of the correct density value position, is 
enabled. OR gate 411 passes the enabled railing input to 
railing input register 412, where a multiplicity of adja 
cent taps 418 is applied to blurring gates 419 through 
424. Either 3, 5, 7, or 9 of these gates are enabled by 
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decoder 488 to pass pulses which are time-aligned with 
the correct reply position or are within +/ — l, +/ -2, 
+ / — 3, or +/ —4 clock pulses of that position. OR gate 
425 passes any such pulse via output 426 to the rail 
detector register 449 (FIG. 4B). 
The purpose of this selectable blurring of each input 

railing pulse provides a means to accommodate various 
degrees of jitter between pulses within a railed reply 
train. 

Referring to FIG. 4B, railing detector register 449 
has 113 stages with taps 450 at 0, 14, 28, 42, 56, 70, 84, 
98 and 112 stages. The time delay between taps for 
example stages 0 and 14 is 1.75 microseconds when 
register 449 is clocked at 8 MHz. Taps 450 at stages 0, 
14, 28, 42, 56 and 70 are coupled to respective AND 
gates 440-445 each having an output coupled to railing 
adder tree 451. Taps 446 corresponding to a portion of 
taps 450 at stages 84, 98 and 112 are coupled to respec 
tive input of railing adder tree 450. Signal RDSO is 
‘coupled over lead 430 to an input of decoder 434. De 
coder 434 may be for example a 3:8 line decoder. Lead 
430 is also coupled to B1 input of comparator 456 and to 
B0 input of 2:1 multiplexer 463 shown in FIG. 4C. Sig 
nal RDSl is coupled over lead 431 to an input of de 
coder 434, the B2 input of comparator 456 and B1 input 
of multiplexer 463. Signal RDS2 is coupled over lead 
432 to an input of decoder 434, to an input of inverter 
437, to the B4 input of comparator 456 and to the B3 
input of multiplexer 463. The output of inverter 437, 
signal RDSZB is coupled over lead 438 to the B3 input 
of comparator 456 and to the B2 input of multiplexer 
463. Signal RDS3 is coupled over lead 433 to an input of 
AND gate 439 having an output coupled to railing 
adder tree 451. Signal CAR14 is coupled over lead 436 
to an input of AND gate 439 and to the CIN input of 
railing adder tree 451. The output of AND gate 439 is 
coupled to an input of railing adder tree 451. Five out 
puts 435 of the decoder 434 with signals 
RWW5-RWW10 are coupled to a respective input of 
AND gates 445-440 respectively. Table I shows the 
possible values of signals RDSO through RDS3 and the 
output leads 435 activated by decoder 434 to provide a 
railing window width of several taps of register 449 
wherein adjacent taps 450 indicate a stream of transpon 
der reply pulses separated by 1.75 microseconds. 

TABLE I 
RAILING WINDOW WIDTH TABLE 

. Railing 

Window RDS RWW n lines 

Width 2 1 0 (435) 

4 O O 0 4 no gates enabled 
5 0 O l 5 
6 0 l 0 5. 6 
7 0 l l 5. 6. 7 
s l 0 0 5, 6, 7, 8 
9 l 0 l 5, 6. 7, 8. 9 
10 l l 0 5, 6, 7, 8, 9, 10 

(not used) 1 l 1 (not used) 

When signal RDS3 equals logic zero, railing adder 
tree 451 and comparator 456 look for consecutive railed 
replies equal to RWW from railing detector register 449 
shown in FIG. 4B. When RDS3 equals logic 1, railing 
adder tree 451 and comparator 456 look for consecutive 
railed replies equal to RWW minus two since when 
signal RDS3 equals a logic one, AND gate 439 adds 
two (2) to the railing adder tree. 






















